Background: Bridelia scandens Wild. (Euphorbiaceae) leaves are widely used to cure asthma, bronchitis pleurisy, exudation, sores in mouth and genital cancers. Objective: To evaluate antibacterial activity of the leaf calli methanol extract (LCME). Materials and Methods: Mass production of leaf calli was established on MS medium supplemented with 0.5 mg/L BAP and 0.5 mg/L 2, 4-D. Methanol extract of the dried calli was subjected to HR-LCMS analysis, antibacterial screening of the extract was carried out against human pathogenic clinical isolates. Molecular docking study of HR-LCMS identified compounds was performed by docking with bacterial enzyme DNA gyrase. Results: HR-LCMS analysis of LCME shows that the compounds azaperone bifonazole, fusidic acid, lasalocid and quinine as the major constituents. The antibacterial screening of LCME against clinical pathogens showed significant bactericidal activity against the strains Staphylococcus aureus (17.67±0.88 mm.d.), Streptococcus pneumonia (13.67±0.33), Pseudomonas aeruginosa (16.33±0.67), Salmonella typhi (17.67±0.33), and Vibrio cholera (15.33±0.33) as compared to the standard drug ciprofloxacin. The molecular docking of lasalocid against the bacterial enzyme DNA gyrase exhibited good binding affinity of -4.9 kcal/mol, good drug likeness (2.5589), 2 hydrogen bonds and hydrophobic interaction with 7 amino acid residues, so that lasalocid processes good inhibitor as compared to other 4 compounds. Conclusion: LCME of Bridelia scandens showed significant antibacterial activity against Staphylococcus aureus and Salmonella typhi. Lasalocid is the major phytocomponent of LCME which exhibited good inhibitory activity against bacterial enzyme DNA gyrase. This investigation supported traditional claim of LCME as potential antibacterial drug.
INTRODUCTION
Since earliest times, medicinal plants have been known to exert healing properties against human infections as antimicrobial agents due to the presence of rich secondary metabolites. Unscientific collection and over exploitation of medicinal plants resulted in the dwindling of natural population and many of them are at the verge of threatening status. Induction of callus from the medicinal plant parts and in vitro production of secondary metabolites from the calli is a novel technique for sustainable conservation of medicinal plants. So that callus culture is the process that can reduce the time and season as it does not need to have the whole plant cultivation and sacrificing it for extraction. 1 Bridelia scandens is a straggling climber belongs to the family Euphorbiaceae. It is distributed in the warm regions of Southeast Asia 2 and also in Western peninsular India especially in deciduous to semi-evergreen forests of Maharashtra, Kerala, Karnataka states (http:// www.indiabiodiversity.org). In traditional medicine, decoction of the leaves has been used in the treatment of asthma, cough, fever, pleurisy, exudation and sores in mouth. The phytochemical examination of the B. scandens leaves showed the presence of flavonoids, carbohydrates, glycosides, phenolic compounds and tannins. 3 In the previous study an anticancerous compound anthrisine-deoxypodophyllotoxin was isolated from the leaves of B. scandens. 4 Over the past decade, much attention has been placed on the study of phytochemicals for their antibacterial activity, especially against multidrug-resistant Gramnegative and Gram-positive bacteria. 5 The emergence of multidrug-resistance among bacteria has challenged the effectiveness of antibiotics in the advent of modern medicine and as such, antibiotic resistance has become one of the most serious health care problems in the world. 6 Considering the above, there is a need to develop new effective antibacterial agents that circumvent the emergence of resistance. Nevertheless, the discovery of new antibiotics is very expensive and time consuming, requiring about ten years to bring a new antibiotic to market. Therefore, the search for antibacterial substances derived from natural products, such as phytochemicals, has gained cumulative importance. 7 In addition, in silico prediction of the ADMET properties plays an important role in antibiotic drug discovery process. Nowadays ADME (absorption, distribution, metabolism and elimination) is applied at an early phase of the drug development process, in order to remove molecules with poor ADME properties from the drug development pipeline and leads to significant savings in research and development costs. Lipinski "Rule of five" is widely used as a filter for drug-like properties. 8 Molecular docking is a frequently used method for evaluating the complex formation of small ligands with large biomolecules. 9 In view of the above, the present investigation was undertaken to isolate and characterize antibacterial compounds from the in vitro derived leaf calli and to authenticate the antibacterial property against human pathogenic clinical isolates.
MATERIALS AND METHODS

Plant material and callus culture
Mesristematic leaf explants of B. scandens was collected from Bhadra Wild Life Sanctuary of the Western Ghats (1 km from Kuvempu University) and was identified by Prof. V Krishna, professor and taxonomist, Dept. of Biotechnology, Kuvempu University. The leaves were cleaned with deionized water, sterilized with 5% tween-20, 0.2% mercuric chloride, followed by distilled water wash and then 1cm aseptically inoculated on to MS semi solid media supplemented with hormonal concentration of 0.5 mg/L BAP and 0.5 mg/L 2,4-D for callus initiation. The calli was subcultured on the same media and mass propagated for 4-6weeks. The calli was harvested, dried in hot air oven at 40ºC for 4 to 5 days.
Preparation of Extract
About 186 g of dried callus was subjected for cold extraction with methanol for about 48h. The extract was sieved (Whatman No.1 filter paper) and concentrated in vacuum under reduced pressure using rotary flash evaporator (Buchi, Flawil, Switzerland) and dried at desiccator.
Phytochemical screening
Determination of total phenol
Total phenol content in leaf callus methanol extract LCME was estimated by the Folin-Ciocalteu method. 10 1 ml of LCME (50 μg) was mixed with Folin-Ciocalteu reagent (2 ml) (diluted 1:10, v/v) followed by the addition of 2 ml of sodium carbonate (7.5%, w/v) and mixed, allowed to reaction for 90 min at room temperature and absorbance was measured against the blank at 750 nm using spectrophotometer (Systronics, PC based double beam spectrophotometer 2202). Total phenol content of the extract was expressed in terms of equivalent to gallic acid (GAE, mg −1 of dry mass).
Determination of total flavonoid
Total flavonoid content of LCME was measured according to the modified method of Zhishen.
11 5 ml of extract (200 μg) was mixed with 300 μl of 5% sodium nitrite and 300 μl of 10% aluminum chloride followed by the addition of 2 ml of 1 M sodium hydroxide after the incubation of reaction mixture at room temperature for 6 min. The volume in each test tube was made up to 10 ml by adding 2.4 ml of millipore water. Absorbance was measured at 510 nm against the blank. Total flavonoid content of the extract was expressed in terms of equivalent to catechin (mg −1 of dry mass).
Determination of alkaloid
Alkaloid determination using Harborne method: 12 5 g of the sample was weighed into a 250 ml beaker and 200 ml of 10% acetic acid in ethanol was added and covered and allowed to stand for 4 h. This was filtered, and the extract was concentrated on a water bath to one-quarter of the original volume. Concentrated ammonium hydroxide was added drop wise to the extract until the precipitation was complete. The whole solution was allowed to settle and the precipitated was collected and washed with dilute ammonium hydroxide and then filtered. The residue is the alkaloid, which was dried and weighed.
HR-LCMS analysis of LCME
The bioactive components of B. scandens leaf callus extract was analyzed by High Resolution Liquid Chromatograph Mass Spectrometer (HR-LCMS) G6550A system (Agilent technologies). The method used for Chromatography was 30 mins ± ESI 10032014_MSMS.m. The Gas temperature used for analysis was 250°C. The theoretical mass of protonated compound was used for identification. HR-LC-MS analysis of B scandens bark extracts was performed at Sophisticated Analytical Instrument Facility (SAIF), Indian Institute of Technology, Mumbai, India. The compounds were identified by comparison with their retention time (RT) and mass with stored metlin library available with IIT, Bombay.
Antibacterial activity
Microbial strains
The antibacterial activity of the LCME was individually tested against a set of five bacterial human pathogenic clinical isolates obtained from Shivamogga Institute of Medical Sciences, Shivamogga, Karnataka, namely: Staphylococcus aureus, Streptococcus pneumoniae. Pseudomonas aeruginosa, Salmonella typhi, and Vibrio cholera, Bacterial isolates were cultured overnight at 37°C in nutrient agar (NA) media.
Disk diffusion assay
Determination of antibacterial activity of LCME was evaluated by agar well diffusion method. The extract was dissolved in DMSO at different concentrations (500, 1000 and 1500 μg/m1 of DMSO μg). 100 μl of the suspension containing 10 8 colony forming units CFU/ml of bacteria were spread on NA media, respectively. Wells were made on agar plates using sterile cork borer, and 20 μl of LCME of each concentration were introduced into appropriately marked wells, ciprofloxacin (20 μg/ml) was taken as a positive control. Then culture plates incubated for 24 h at 37°C. Antibacterial activity was assessed by measuring the diameter of the growth inhibition zone in millimeters for the test organisms compared to the control. Activity index was calculated for comparison of the zone of inhibition of test material with standard antibiotic using the formula AI (Activity Index) = ZI of Test/ZI of Standard. 13 
Minimum Inhibitory Concentration (MIC)
The MIC of the LCME was evaluated by modified resazurin (7-Hydroxy-3H-phenoxazin-3-one 10-oxide) microtitre plate assay.
14 50 μl of test sample containing 250 μg of extract [5 mg/ml (w/v)] solutions in 10% dimethyl sulfoxide (DMSO, v/v) and 50 μg of standard antibiotic [1 mg/ml (w/v)] solutions in 10% DMSO. 50 μl of nutrient broth was added to all wells (microtitre plate). Two-fold serial dilutions were performed using a pipette such that each well had 50 μl of the test material in serially descending concentrations. 30 μl of 3.3 times stronger hi sensitivity broth and 10 μl of resazurin indicator solution (prepared by dissolving 27 mg resazurin in 4 ml of sterile distilled water) were added to each well. Finally, 10 μl of bacterial suspension was added to the appropriate wells to achieve a concentration of approx 5×10
6 CFU/ml. The analysis of variance (ANOVA) was performed using ezANOVA (version 0.98) software and Microsoft excel to determine the mean and standard error.
Molecular docking studies
Lipinski "Rule of five" is commonly used as a filter for drug-like properties. 8 The in silico pharmacokinetic properties and ADME (absorption, distribution, metabolism and elimination) and toxicity analysis were predicted using Data Warrior (http://www.openmolecules.org/datawarrior.html). Data Warrior tries to assess the toxicity risk by finding substructures within the chemical structure being indicative of a toxicity risk within one of said four major toxicity classes.
The chemical structure of HR-LCMS identified compounds namely, azaperone, bifonazole, fusidic acid, lasalocid and quinine and the standard drug ciprofloxcin were drawn using Chem Bio Draw tool (Chem Bio Office Ultra 14.0 suite) assigned with proper 2D orientation, and structure of each was checked for structural drawing error. Energy of each molecule was minimized using ChemBio3D. The energy minimized ligand molecules were then used as input for AutoDock Vina, in order to carry out the docking simulation. The protein data bank (PDB) coordinate file with the name '2XCT.pdb' was used as receptor molecule. 15 All the water molecules were removed from the receptor. The graphical user interface program MGL tool was used to set the grid box for docking simulations. The grid was set so that it surrounds the region of interest in the macromolecule. The grid box volume was set to 8, 14, and 14 Å for x, y, and z dimensions, respectively, and the grid center was set to 3.194, 43.143, and 69.977 for x, y, and z center, respectively, which covered all the ten amino acid residues in the considered active pocket. The docking algorithm provided with AutoDock Vina was used to search for the best docked conformation between ligand and protein. During the docking process, a maximum of ten conformers were considered for each ligand. Molecular docking was performed in Corei5 Intel processor CPU with 6 GB DDR3 RAM. AutoDock Vina 16 was compiled and run in a Windows 8.0 professional operating system. LigPlot+ 17 and PyMol educational version were used to deduce the 2D and 3D pictorial representation of the interaction between the ligands and the receptor. The ligands are represented in green colour, H-bonds with their respective distances are represented with cyan colour, and the interacting residues are represented in ball and stick model representation.
RESULTS
Callus culture
Leaf explants of B scandens proliferated into callus mass on MS media fortified with 0.5 mg/l BAP and 0.5 mg/l 2, 4-D. Callus induction was noticed from the cut end of the lamina and dorsal vein of the explants (Figure 1) . Subculturing of the calli on to the same media induced luxuriant proliferation of the fleshy callus mass. After 6 weeks, the callus mass was harvested and fresh weight was found to be 3000 g the calli mass was dried in oven at 40°C for 4 days and dry weight was found to be 200 g of the dried calli mass was extracted with methanol used for phytochemical and antibacterial screening.
Phytochemical analysis
The preliminary phytochemical analysis of LCME showed positive result for qualitative tests for the phytochemicals alkaloids, flavonoids, and phenolics (Table 1) . In quantitative analysis total polyphenolic content in LCME was expressed as equivalent to gallic acid (GAE) and is found to be 37.2 μg/mg of dry extract. The flavonoid concentration of LCME was expressed as equivalent to catechin and is found to be 56.9 μg/mg of dry extract. The alkaloid concentration of LCME was found to be 63.4 μg/mg of dry extract as depicted in the Table 1 .
HR-LCMS analysis
HR-LCMS analysis of LCME resulted the presence of 100 phytoconstituents (Table 2 ) and the chromatogram of the phytoconstituents is shown in Figure 2 . Among them the compounds azaperone, bifonazole, fusidic acid, lasalocid and quinine were known for antibacterial properties.
Antibacterial activity
The antibacterial activity of LCME was evaluated at the concentrations of 500, 1000 and 1500 μg/m1 of DMSO. 1500 μg/m1 concentration shows significant antibacterial property noticed against clinical pathogen strains Staphylococcus aureus (17 Continued... Values are mean±standard error (n=3) of three different samples, analyzed individually in triplicate, ZI, the diameter of inhibition zone (mm) including well diameter of 6 mm, MIC, minimum inhibitory concentration (mg/ml). AI (Activity Index) = ZI of Test/ZI of Standard.
bond length 3.11 and 2.98 Å. The compound bifonazole forms only one hydrogen bond with the amino acid Ser108 with bond length 3.18 Å and the compound Fusidic acid forms two hydrogen bonding with Asp437 and Ser1085 with bond length 2.89 and 2.91 Å respectively. While compound quinine doesn't form hydrogen bond with the aminoacids of the active pocket. However, all these docked molecules exhibited more hydrophobic interaction than the standard drug ciprofloxacin. The RMSD has often been used to measure the quality of reproduction of a known binding pose by molecules with ligands. All docked molecules have zero RMSD values as shown in the Table 5 .
DISCUSSION
Medicinal plants have been used as a source of medicine in all cultures since times immemorial. 18 Even though World Health Organization reported that the primary health care system for the 60% population of the world is represented by the traditional medicines yet a great number of plant species with potential biological activities were unexplored. 19 The extracts of several medicinal plants are very effective against microbial as well as parasitic infections. 20 Although synthetic or chemical drugs as compared to herbal medicines can have greater or quicker effects, but they possess many adverse effects and risks. 21 Herbal medicines are generally less expensive as compared to synthetic ones. The continuous exploitation of several medicinal plant species from the wild. 22 and substantial loss of their habitats during past 15 years have resulted in population decline of many high value medicinal plant species over the years. The primary threats to medicinal plants are those that affect any kind of biodiversity used by humans. 23, 24 Attempts are S.aureus with a significant MIC value of 1.10±0.15×10 -2 . Inhibition of bacterial strains are summarized in Table 3 .
Toxicity prediction
Result of pharmacokinetic properties and toxicity analysis of 5 compounds (azaperone, bifonazole, fusidic acid, lasalocid and quinine) identified by HR-LCMS is shown in Table 4 . All the 5 compounds obey the Lipinski's 'Rule of 5 limit better LogS values and were free from mutagenic tumorigenic, reproductive and irritant effect. In general, a poor solubility is associated with bad absorption and the aqueous solubility (Log S) of the compound which significantly affects its absorption and distribution characteristics. Based on the results from the DataWarrior, LogP, better LogS, good drug score and less toxicity risk parameters are predicted as shown in the Table 4 .
Molecular Docking
In association with in vitro antimicrobial activity, it is useful to carry out in silico studies to predict the orientation and binding affinity at the active site of the receptor. The molecular docking of HR-LCMS identified ligand molecules-azaperone, bifonazole, fusidic acid, lasalocid and quinine with bacterial enzyme DNA gyrase is shown in Figure 3 . Among them the compound lasalocid exhibited better docking efficiency with DNA gyrase. It forms two hydrogen bonds with amino acids Arg1122, and Gly1082 in the active site of the target protein with bond length 2.86 and 3.09 respectively, with the least binding affinity -4.9 and hence is considered as the best dock conformation (Table 5) . Compound azaperone forms two hydrogen bonds with Gly1082 and Ser1085 amino acids with being made by different organizations to cultivate various medicinal plant species, including rare and endangered categories. 25 Evidence that plant cell cultures are able to produce secondary metabolites came quite late in the history of in vitro techniques. 26 Callus culture is very useful to obtain commercially important secondary metabolites or drugs can be directly extracted from the callus tissues without scarifying the whole plant. In the present study, HR-LCMS analysis of LCME showed the presence of various compounds. Among them the compounds azaperone, bifonazole, fusidic acid, lasalocid and quinine are reported as good antibacterial agents [27] [28] [29] [30] As compared to in vivo plant parts the de novo synthesis of secondary metabolites takes place in the in vitro derived calli due to the influence of hormones supplemented in the media. The standardized technique can be explored commercially for the mass production of compounds. S. aureus bacteremia is a significant cause of morbidity and mortality in neutropenic patients with cancer. 31 In the present study LCME of B. scandens exhibited significant inhibitory effect on both gram positive Staphylococcus aureus, Streptococcus pneumoniae. Pseudomonas aeruginosa and gram negative Salmonella typhi, Vibrio cholera, strains which causes pneumonia (lung infection), osteomyelitis (bone infection), endocarditis (heart infection), phlebitis (infection of veins and blood vessels), mastitis (infection of breast and formation of abscesses) and meningitis (brain infections).in humans. Previous investigator Adeeba Anjum. .1mm ZI. LCME shows 17.6mm ZI. The antibacterial property of LCME is due the cumulative effect of the compounds azaperone, bifonazole, fusidic acid, lasalocid and quinine and it was supported by molecular docking studies. The in silico docking of lasalocid with the DNA gyrase showed higher binding affinity as well as hydrogen bonding and good hydrophobic interaction with the receptor. Among these 5 ligands lasalocid showed highest binding affinity and hydrophobic interaction with the amino acids of the active pocket. DNA gyrase is an essential bacterial enzyme that catalyzes the introduction of negative (−) supercoils into chromosomal and plasmid DNA. Gyrase was discovered soon after it was clear that in vitro recombination of bacteriophage λ required a negatively supercoiled DNA substrate. DNA gyrase cleave and religate DNA to regulate DNA topology and are a major class of antibacterial and anticancer drug targets. 33 The 5 ligand molecules exhibited the antibacterial activity by hindering the function of DNA gyrase.
CONCLUSION
Leaf calli methanol extract of B. scandens contains good antibacterial compounds azaperone, bifonazole, fusidic acid, lasalocid and quinine. The antibacterial activity was more significant against S. aureus. In silico docking studies also supported the inhibition of DNA gyras with highest bonding efficiency and hydropobic interaction. Due to unscientific over exploitation many of the medicinal are becoming endangered. The harvesting of antibacterial compunds from the in vitro grown leaf calli of Bridelia scandens is a better method to combat contagious microbial diseases.
